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IT) OPHTHALMIC OPTICS 

J^J (57) Abstract: The method of the invention comprises : a) forming a hydrophilic polyurethane pre polymer with isocyanate end 
^ groups, by the polyaddition reaction of at least one polyol and at least one diisocyanate in the presence of at least one internal 
emulsifying agent; b) mixing the polyurethane prepolymeT with a photochromic agent; c) adding water or a mixture of water and 
Q solvent, under agitation, to the mixture of the polyurethane prepolymeT and the photochromic agent, to form an emulsion; and d) 
^ adding at least one chain extension agent to the emulsion and performing a chain extension reaction to give the final photochromic 
^ polyurethane latex. Application to the production of ophthalmic articles having photochromic properties. 
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Method for preparing a photochromic polyurethane latex 
and application to ophthalmic optics. 

The present invention relates in general to a method for preparing a 
5 photochromic polyurethane latex, and to ophthalmic articles, such as 
spectacle lenses, comprising an organic or optionally inorganic glass 
substrate coated with a film of photochromic material obtained by 
depositing and drying a photochromic polyurethane latex. 

As is well known, latexes are stable dispersions of one or more 
10 polymers in an essentially aqueous medium, in other words composed of 
water only or a mixture of water and an organic solvent present in a 
quantity less than 50 % by weight of the mixture, preferably of the order of 
30 % by weight or less of the mixture, 

Polyurethane aqueous dispersions or latexes (PU latexes) are well 

15 known. 

The preparation of such PU dispersions or latexes is widely 
described injthe literature. 

A method currently, used to prepare these PU latexes consists of 
forming a polyurethane prepolymer by bulk polymerization, by 
20 polyaddition reaction between an excess of a diisocyanate and a polyol,. 
then adding water under agitation to the PU prepolymers thus formed to 
obtain a prepolymer dispersion, followed by adding a chain extension agent 
to the dispersion obtained in order to perform a chain extension reaction to 
obtain the desired polyurethane latex. 
25 This method, which is currently the most used, avoids the use of 

large quantities of solvent and introduces some crosslinking sites within the 
polyurethane obtained 

The synthesis of the PU prepolymer is preferably performed in the 
presence of an internal emulsifying agent which has the function of 
30 introducing hydrophilic groups into the PU prepolymer, and consequently 
into the final PU polymer, which thus stabilizes the final dispersions. 

The PU prepolymers obtained contain terminal isocyanate groups 
and are generally hydrophilic. 

The preferred internal emulsifying agents contain ionic groups, 
35 generally anionic. 
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The preferred PU prepolymers obtained during the preparation 
method are ionomers, in particular anionomers. 

The preparation method preferably contains a step of neutralization 
of the PU prepolymer before the water dispersion step. 

This classical method of preparing a PU latex may be schematized 
as follows : 

2n + n HOCH^ - C ^ CHgOK+4 it OCN-R-NCO 

CO^K 



polyoi 



polyisocyanate 



ionic internal emulsifying agent 



OCR 



Prepolymer synthesis 



R-NCO 



Hydrophilic prepolymer with isocyanate end-groins 



Neutralization 



NR3 (neutralization agent) 



OCN-R-] 



COj 0 hnr 3 



25 



Neutralized prepolymer 



30 



H 2 0 dispersion 
and 

H 2 N-R'-NHi chain extension 



,0 h^r 



35 



PU latex 
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The success of the dispersion depends on the viscosity of the 
prepolymer, which must he limited. It is also normal to add a small 
quantity of organic solvent to the prepolymers to reduce their viscosity, 
without it being necessary to remove this solvent during the subsequent 
5 steps of the method. 

The isocyanate functions (NCO) of the prepolymer tend to react 
with water, and the dispersion step is thus preferably carried out at a 
relatively low temperature to minimize the reaction between the water and 
the NCO functions. 

10 Lastly, the chain extension to obtain the final PU dispersion (latex) 

is generally performed by the addition of a polyamine, in particular a 
diamine, to the dispersion. 

The incorporation of photochromic compounds into PU varnishes 
to obtain photochromic varnishes, in particular for ophthalmic optics, has 
1 5 already been proposed 

Thus, the document WO 98/37115 discloses a method for 
manufacturing a composition based on photochromic polyurethanes, in 
which the photochromic compound is incorporated into the coating 
composition by dissolving or dispersing the photochromic compound into 
20 the polyol component or the isocyanate component or by addition to a 
mixture of the precursor monomers of the polyurethane. 

As an alternative, this document states that the photochromic 
compound may be incorporated into the hardened coating by soaking, 
permeation, or any other known transfer method. 
25 Similarly, US patent US-4 889 413 discloses a method for 

producing a polyurethane-based plastic material with photochromic 
properties, in which the photochromic compound is incorporated either into 
the diisocyanate component, or into the polyol component, or into a mixture 
of the two or any other component of the reaction mixture, then the mixture 
30 is polymerized to form the polyurethane. 

The availability of photochromic latexes would be desirable. 
However, the production of photochromic latexes of optical quality 
involves several difficulties. 

On the one hand, it is necessary to obtain a completely 
35 homogeneous distribution of the photochromic compounds in the latex 
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itself and even more so in the dried varnishes containing them, since these 
must not have any light diffusion characteristics. 

On the other hand, the properties of the photochromic compounds 
must not be affected, or at the least not affected to a degree which would 
5 render die photochromic properties unusable, either because of a reduction 
in the photochromic properties (kinetics, colorability), or of a loss of the 
photochromic compound by degradation during the latex preparation in 
particular. 

This problem is all the more crucial for photochromic compounds 
10. of the spirooxazine type, sensitive to their, environment, in particular to the 
acidity of the medium in which they are dispersed. 

Lastly, the latexes obtained must be stable over time, in particular 
regarding their photochromic properties. 

The object of the present invention is thus a method for preparing a 
15 photochromic polyurethane latex, which resolves the technical problems 
listed above and which in particular avoids any risk of deterioration of the 
photochromic properties of the photochromic component during the 
preparation of the latex, while ensuring a homogeneous distribution of this 
photochromic component within the latex and consequently within the 
20 hardened photochromic film obtained from the latex. 

The above objects are achieved, according to the invention, by a 
method for preparing a photochromic polyurethane latex which comprises : 

a) forming a hydrophilic polyurethane prepolymer (PU 
prepolymer) with isocyanate end groups, by the polyaddition reaction of at 

25 least one polyol and at least one polyisocyanate in the presence of at least 
one internal emulsifying agent ; 

b) mixing the polyurethane prepolymer obtained in step a) with a 
photochromic agent ; 

c) adding water or a mixture of water and solvent, under agitation, 
30 to the mixture of the polyurethane prepolymer and die photochromic agent, 

to form an emulsion ; and 

d) adding at least one chain extension agent to the emulsion and 
performing a chain extension reaction to give, die final photochromic 
polyurethane latex. 
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The organic polyols, in other words diols, triols, etc., used for the 
preparation of the latex of the present invention are polyols which react 
with an isocyanate component to produce a polyurethane. 

Examples of polyols which may be used in the present invention 
5 include (1) the polyols of low molecular weight, in other words polyols 
with an average molecular weight less than 400, for example aliphatic diols, 
such as the C 2 -Cio aliphatic diols, triols, and higher polyols ; (2) the 
polyester polyols, (3) the polyether. polyols; (4) the polyols containing 
amide groups, (5) the polyacrylic polyols, (6) the epoxypolyols, (7) the 
10 polyvinyl polyols, (8) the urethane polyols, and (9) mixtures of such 
polyols, 

The organic polyols are preferably selected from polyols of low 
molecular weight, polyacrylic polyols, polyether polyols, polyester polyols 
and their mixtures, and, even more preferably, from the polyacrylic polyols, 

1 5 polyether polyols, polyester polyols and their mixtures. 

The particularly preferred, organic polyols are the polyacrylic 
polyols, the polyether polyols and their mixtures. 

Among the polyols of low molecular weight suitable for the method 
of the present invention may be cited pentaerythritol, trimethylolethane, 

20 trimethylolpropane, di(trimethylolpropane)dimethylolpropionic acid, 
ethylene glycol, propylene glycol, 1,2-butenediol, 1,4-butenediol, 1,3- 
butenediol, 2,2,4-trimethyl-l,3-pentanedioI, 1,5-pentanediol, 2,4- 
pentanediol, 1,6-hexanediol, 2,5-hexanediol, 2-methyl-l,3-pentanediol, 2,4- 
heptanediol, 2-ethyl-l,3-hexanediol, 2,2-dimethyl-l,3-propanediol, 1,4- 

25 cyclohexanediol, 2^-dimethyl-3-hydroxypropyl-2,2-^iimethyl-3- 
hydroxypropionate, diethylene glycol, triethylene glycol, tetraethylene 
glycol, dipropylene glycol, tripropylene glycol, 1,4-cyclohexanedimethanol, 
l,2-bis(hydroxymethyl)cyclohexane, l,2-bis(hydn>xyethyl)cyclohexane, the 
bis-hydroxypropylidantoins, trishydroxyethylisocyanurate, the product of 

30 alkoxylation of 1 mole of 2,2-bis(4-tiydroxyphenyl)propane (bisphenol A) 
and 2 moles of propylene oxide, and analogs, for example ethoxyled or 
propoxylated trimethylol or pentaerythritol, with an average molecular 
weight less than 400. 

The polyester polyols are also known compounds, with an average 

35 number molecular weight of between 500 and 10 000. Among the preferred 
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polyester polyols may be cited the polylactone diols such as the 
polycaprolactone diols, the polypropiolactone diols and the 
polybutyrolactone diols. 

The polyether polyols are known compounds, which generally have 
5 an average number molecular weight of between 400 and 10 000. 

Examples of these polyether polyols include various 
polyoxyalkylene polyols, polyalkoxylated polyols with an average number 
molecular weight of more than 400, such as for example the 
poly(oxytetramethyIene)diols and their mixtures. 
10 The polyols containing amide groups, the epoxypolyols, the vinyl 

polyols, the uretharie polyols and the polyacrylic polyols are also 
compounds known in the art 

These organic polyols and their methods of preparation are 
described in document WO 98/37115. 
15 The preferred polyols for the method of the present invention are 

the polycaprolactone diols, which provide good stability to hydrolysis and 
good low-temperature properties to the PU formed. 

. The polyisocyanate component of the present invention includes 
polyisocyanate compounds with isocyanate groups which are "free", 
20 ■'blocked" or "partially blocked", "modified", "unmodified" and mixtures of 
"modified" and "unmodified" compounds. 

The term "modified" means that the polyisocyanates have been 
changed in a known way to introduce biurea, urea, carbodiimide, urethane 
or isocyanurate groups. 
25 The polyisocyanates may be selected from the aliphatic, aromatic, 

cycloaliphatic, heterocyclic polyisocyanates and their mixtures. 

The polyisocyanates of the invention are preferably diisocyanates. 
Among die available diisocyanates may be cited toluene-2,4- 
diisocyanate, tohiene-2,6-diisocyanate, diphenylmethane-4,4-diisocyanate, 
30 diphenylmethane-2,4'-diisocyanate, paraphenylene diisocyanate, 
biphenyldiisocyanate, 3,3'-dimethyM,4^diphenylene diisocyanate, 
tetramethy lene- 1 ,4-diisocyanate, hexamethy lene- 1 ,6-diisocyanate, 

2,2,4-trimethyl hexane- 1 ,6-diisocyanate, lysine methyl ester diisocyanate, 
bis(isocyanatoethyl)fumarate, isophbrone diisocyanate, ethylene 
35 diisocyanate, dodecane- 1 , 1 2-diisocyanate, cyclobutane- 1,3 -diisocyanate, 
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cyclohexane-l,3-diisocyanate, cyclohexane- 1,4-diisocyanate, 
methylcyclohexyl diisocyanate, hexahydrotohiene-2,4-diisocyanate, 
hexahydrotoluene-2,6-diisocyanate, hexahydrophenylene- 1 ,3 -diisocyanate, 
hexahydrophenylene-l,4-diisocyanate, 
5 perhydrodiphenylmethane-2 > 4'-diisocyanate, perhydrophenylmethane-4,4 f - 
diisocyanate, and their mixtures. 

The polyisocyanate compound is preferably selected from the 
group consisting of hexamethylene-l,6-diisocyariate* isophorone 
diisocyanate, ethylene diisocyanate, dodecane- 1 , 1 2-diisocyanate, 
10 cyclohexane- 1,3 -diisocyanate, and their mixtures, and, even more 
preferably, from hexamethylene-l,6-diisocyanate, isophorone diisocyanate, 
ethylene diisocyanate, and their mixtures, because of the low reactivity of 
their NCO functions with water. 

The polyisocyanates suitable for the method of the present 
1 5 invention are also described in detail in the document WO 98/37115. 

The internal emulsifying agents are also compounds well known in 

the art 

The addition of these internal emulsifying agents during the 
synthesis of the polyurethanes has the function of introducing hydrophilic 
20 groups into the polymer chain. 

The introduction of these hydrophilic groups into the polyure thane 
chain has many advantages for the preparation of polyurethane dispersions 
(latexes). 

Thus, the introduction of such hydrophilic groups allows the use of 
25 dispersion methods which do not require high shearing forces* leading to 
finer particles, better dispersion stability, and reduced sensitivity to water of 
the polymers obtained after evaporation of the water. 

Although non-ionic internal emulsifying agents may be used , the 
preferred internal emulsifying agents are in general ionic compounds, 
30 preferably anionic, allowing the introduction into the polyurethane chain of 
ionic hydrophilic groups, preferably anionic groups. The preferred anionic 
emulsifying agents are the diamine and diol sulfonates and the 
dihydroxycarboxylic acids. 

Among the dihydroxycarboxylic acids, the preferred acid is a,a- 
35 dimethylolpropionic acid (DMPA). 
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As examples of internal emulsifying agents, the following may be 

cited: 

Anionic agents 
Sulfonate type 
5 H 2 N(CH 2 ) 1 NH(C3I J ),S03Na 

x = 2or3 
HO(CH 2 )CH-CH20H 

I 

SOjNa 

10 CH 3 

OCtK 



15 



20 



30 




(dimer) 

Carboxylate type 



HO-CHj- C - CHjOH (DMPA) + base 
COjH 

25 HjN (CH^ CH - 

dc^H +base 

H 2 N(CH 2 ) J NH(CH 1 )jC0 1 Na 



35 




+ polyol + base 
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Cationic agents 



10 



15 



HOCH^cai^C^C^OH + acid/alkylation agent 



HOCH 2 - N - CH 2 OH + acid/alkylation agent 

£h 2 n(ch 3 ) 2 




NCO 



These internal emulsifying agents are described among others in the 
patents FR-A-76 23 992, US-A-4 1 16 902 and US-A-4 098 743. 
20 In general, the quantity of internal emulsifying agent used in the 

reaction mixture of step (a) is such that the concentration in ionic 
hydrophilic groups of the polyurethane is about 1 % by weight or less. 

The quantity of internal emulsifying agent used in the reaction 
mixture of stqp (a) preferably represents from 3 to 5 % by weight with 
25 respect to the total weight of the polyisocyanate, polyol, and internal 
emulsifying agent components. 

In general, in the step (a) of the method of the invention, an excess 
of the polyisocyanate component with respect to the polyol component is 
used. 

30 The relative quantities of the polyol component and the 

polyisocyanate component used in step (a) for the formation of the 
prepolymer are preferably such that the ratio of the OH groups of the 
polyols with respect to the NCO groups of the polyisocyanates is about 1:2. 
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When an internal emulsifying agent containing ionic groups is 
used, the method of the invention preferably comprises, in addition, a step 
of neutralization of these groups present in the PU prepolymer. 

In file case of anionic groups such as the carboxylic acid groups, 
5 this neutralization is performed by addition of a base, for example a tertiary 
amine such as triethylamine. 

Thus, the PU prepolymer obtained in step (a) is preferably a 
neutralized ionomer PU prepolymer (generally anionomer). 

The step of the formation of the hydrophilic PU prepolymer with 
10 isocyanate end groups is generally performed at a relatively high 
temperature, of about 90°C. 

The following step of the method of the invention consists of 
incorporating a photochromic agent into the hydrophilic PU prepolymer 
with isocyanate end groups. 
15 This incorporation of the photochromic agent may be performed by 

direct mixing, under agitation, of the photochemical agent or a solution of 
the photochromic agent in a solvent in die mixture containing the PU 
prepolymer, at a relatively low temperature, generally of about 60°C. 

Moreover, this incorporation of the photochromic agent into the PU 
20 prepolymer gives a homogeneous dispersion of the photochromic agent in 
the prepolymer and consequently in the polymer and the final coating. 

Any conventional photochromic agent may be used in the method 
of the invention. 

As is well known, these photochromic agents are organic 
25 photochromic compounds which, when excited by light radiation, show at 
least one maximum absorption wavelength in the range 400 to 700 nm. 
They may be used either individually, or in combination with other 
photochromic compounds. 

In addition, these photochromic compounds may be incorporated 
30 either in the dissolved state in a suitable solvent, or in the dispersed state in 
the PU prepolymer. 

Among the preferred photochromic compounds may be cited 
chromene and photochromic compounds of chromene such as pyran 
compounds, in particular the spiropyrans, oxazine compounds, in particular 
35 the spirooxazines, the fulgides and fulgimides, and the organometallic 
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derivatives of dithizonate. Chromene and the photochromic chromene 
components are well known and are disclosed among others in the 
documents EP-0 246114, EP-0 401 959, EP-0 629 656, EP-0 676 401, 
FR-A-2 688 782, FR-A-2 718 447, WO 90/07507, WO 91/06861, 
5 US-A-3 567 605, US-A-5 066 818, US-A-5 395 567, US-A-5 451 344, 
US-A-5 645 767 and US-A-5 658 501 . 

Chromene is represented by the following structure : 



10 




The preferred photochromic compounds of chromene may be 
represented by die formula : 



15 




in which : 

oC 

represents an optionally substituted aromatic hydrocarbon radical or an 
optionally substituted unsaturated heterocyclic radical : 
25 Ri and R 2 represent identical or different radicals selected from a hydrogen 
atom, a hydrocarbon radical and a substituted amino radical, or forming a 
ring in combination ; and 

R 3 and R4 represent identical or different radicals selected from a hydrogen 
atom, a hydrocarbon radical and a substituted amino radical. 
30 The photochromic oxazine compounds are also well known 

compounds. 

They are described, among others, in the documents 
US-A-4 562 172, US-A-3 578 602, US-A-4 215 010, US-A-4 720 547, 
US-A-5 139 707, US-A-5 114 621, US-A-5 529 725, US-A-5 645 767, 
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US-A-5 .658 501, WO 87/00524, FR-A-2 647 789, FR-A-2 647 790, 
EP-A-0 245 090 and EP-A-0 783 483. 

The preferred oxazine compounds are compounds of the type 
spiro[indoUno]naphtho and benzoxazine, and spiro 
5 indolinopyridobenzoxazine. 

Among die preferred oxazine compounds may be cited the 
compounds with a structure of formula : 



10 




The method of the invention is particularly suitable for the use of 
photochromic oxazine compounds as photochromic agents in the PU 
15 latexes, these compounds being particularly sensitive to heat and difficult, 
or even impossible, to incorporate in a hardened polymer film such as a 
film obtained by drying a PU latex. 

The photochromic fulgides and fulgimides are known compounds 
and are described among others in the patents US-A-4 931 220 and 
20 EP-A-0 629 656. 

Similarly, the organometallic compounds of dithizonate are known 
and described in die US patent US-A-3 361 706. 

The preferred photochromic compounds are the derivatives of 
chromene and die derivatives of oxazine such as the benzoxazines and the 
25 naphthoxazines, in particular the spiro[indolino]benzoxazines and 
naphthoxazines. 

The photochromic agents incorporated in the PU prepolymers of 
the method of the present invention may comprise a single photochromic 
compound or a mixture of photochromic compounds. 
30 The quantity of photochromic agent introduced into the PU 

prepolymer generally represents from 0.1 to 30 %, preferably 0.1 to 15 % 
and more preferably from 2 to 10 % by weight with respect to the total 
weight of polyol, polyisocyanate, internal emulsifying agent and 
photochromic agent used for the preparation of the latex. 
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As stated above, these photochrome agents may be introduced by 
dispersion into the PU prepolymer or in the form of a solution in a solvent 
or mixture of solvents. 

Any solvent suitable for the photochromic agents and compatible 
5 with the polyurethane prepolymer may be used as solvent 

Among the solvents which may be used are dimethylfoimamide 
(DMF) and N-methylpyrrolidone (NMP). 

A particularly suitable solvent is N-methylpyrrolidone. 

The following step of the method of the invention consists of 
10 forming an essentially aqueous dispersion or emulsion of the PU 
prepolymer by addition of water or a mixture of water and solvent to the PU 
prepolymer containing the photochromic agent 

This addition of water or a water/solvent mixture is typically 
performed with vigorous agitation to obtain a uniform emulsion. In 
15 general, this emulsification step is performed at a relatively low 
temperature, or the order of 60°C. 

Among solvents suitable for the formation of the emulsion are 
DMF and NMR 

When a solvent is used to form the emulsion, the quantity of 
20 solvent in the water/solvent mixture is less than 50 % by weight, preferably 
less than 30 % by weight and more preferably of about 20 % by weight 

The solvent reduces thie viscosity of the prepolymer and thus 
facilitates the dispersion step. 

After, or optionally during, the formation of the dispersion, 
25 according to the method of the invention, a chain extension agent is added, 
and a chain extension reaction is performed to obtain the dispersion or the 
final latex of the PU polymer according to the invention. 

These chain extension agents are well known and are preferably 
polyamines such as diamines. 
30 Among the preferred chain extension agents may be cited the 

alkylenediamines such as ethylenediamine, diethylerietriamine and tris(2- 
aminoethyl)amine. 

The quantity of chain extension agent added obviously depends on 
the desired degree of polymerization for the PU polymer in the final 
35 dispersion. 
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Generally, this quantity varies in a molar ratio n prepolymer / n 

extension agent between 0.2 and 2. 

. • _ > 

This chain extension step, which may be performed simultaneously 
with the step of dispersion of the PU prepolymer in the aqueous medium, oi 
5 subsequently, is generally performed at a relatively low temperature of 
about 60°C. 'J 

During the method of preparation of the PU latex according to the 
invention, various additives may also be incorporated, either before, or 
simultaneously, or after the incorporation of the photochromic agent. For 
10 example, UV absorbers may be mixed with the photochromic compounds 
before their addition to the PU prepolymers. Similarly, stabilizers may be 
mixed with the photochromic agents before their addition to the PU 
prepolymers. Such stabilizers are known in the art and are described in the 
US patents US-A-4 720 356 and 5 39 1 327. 
15 Other conventional ingredients may be added during the method of 

manufacture of the PU latex according to the invention. 

These additional ingredients comprise, for example, agents for 
adjusting the rheology, levelling agents, for example surface^active agents, 
initiators, agents for inhibiting hardening, agents for removing free radicals 
20 and agents improving adhesion. 

These additives and ingredients may be introduced during the 
different steps of preparation of the PU latex, or directly into the 
photochromic coatings obtained after deposit and drying of the 
polyurethane latex. 

25 The PU latexes obtained by the method of the invention generally 

have a concentration in solids of at least 30 % by weight (as measured by 
determination of the dry extract after drying at 80°C for 12 hours). The 
dimension of die latex particles generally varies from 50 to 300 nm, 
preferably 150 to 250 nm. The pH of the latexes obtained is generally 

30 greater than 7 and normally between 8 and 9. The viscosity is generally 
between 10 and 20 mPalsi, as measured at . 24°C by a Brookfield 
viscosimeter. 

The latexes of the present invention preferably have a total solvent 
concentration, for example of N-methylpyrrolidone, equal to or less than 
35 20 % by weight with respect to the total weight of the latex. 
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The polyurethane latexes according to Hie invention are particularly 
suitable for producing photochromic coatings on various substrates and in 
particular on organic glass substrates. 

In particular, the photochromic PU latexes according to the 
5 invention are especially suitable for producing photochromic coatings on 
thermoplastic or thermosetting transparent organic polymer materials. 

The photochromic latexes according to die invention may be 
applied to any type of substrate by conventional techniques known to a 
person skilled in the art, notably : 
10 - by immersion in the bath of photochromic latex (dip-coating) 

- or by application onto the surface of the substrate followed by 
centrifugation to ensure uniform application of the latex on the surface. 

The latex film is then dried under conventional conditions, for 
example at a drying temperature of between ambient temperature and 
15 100°C and with a drying time generally between 30 seconds and 1 hour and 
preferably between 5 minutes and 1 hour. ■' 

The film thicknesses obtained are fixed as a function of the level of 
the photochromic effect desired. 

Generally, and taking account of the quantity of photochromic 
20 compound present in the latex, the thickness varies from 3 to 20 (im and 
preferably 5 to 15 jim. 

The preferred substrates onto which die latexes obtained by the 
method of the invention are applied are any organic or inorganic glass 
substrate currently used for organic ophthalmic lenses. 
25 Polycarbonate (thermoplastic) substrates, in particular ophthalmic 

lenses manufactured by the Gentex Optics Company, are particularly 
suitable substrates onto which the latexes obtained by the method of the 
invention are applied. 

Among other suitable substrates may be cited substrates obtained 
30 by polymerization of alkyl methacrylates, in particular C1-C4 alkyl 
methacrylates such as methyl(meth)acrylate and ethyl(meth)acrylate, allyl 
derivatives such as die allyl carbonates of aliphatic or aromatic polyols, 
linear or branched, thio(meth)acrylates, thiourethanes,. polyethoxylated 
aromatic (meth)acrylates such as the polyethoxylated bisphenolate 
35 dimethacrylates. 



WO 02/04535 



16 



PCT/EP01/07771 



Among suitable substrates may be cited substrates obtained by 
polymerization of allyl carbonates of polyols including ethylene glycol 
bis(allyl carbonate), diethylene glycol bis(2-methyl carbonate), diethylene 
glycol bis(allyl carbonate), ethylene glycol bis(2-chloro allyl carbonate), 
5 triethylene glycol bis(allyl carbonate), 1,3-propanediol bis(allyl carbonate), 
propylene glycol bis(2-ethyl allyl carbonate), 1,3-butenediol bis(allyl 
carbonate), 1,4-butenediol bis(2-bromo allyl carbonate), dipropylene glycol 
bis(allyl carbonate), trimethylene glycol bis(2-ethyl allyl carbonate), 
pentamethylene glycol bis(allyl carbonate), isopropylene bisphenol-A 
1 0 bis(allyl carbonate). 

The particularly recommended substrates are the substrates 
obtained by polymerization of the bis(allyl carbonate) of diethylene glycol, 
marketed under the trade name GR 39* by PPG INDUSTRIES (lens 
ORMA®ESSILOR). 
1 5 Among substrates which are also suitable are substrates obtained by 

polymerization of thio(meth)acrylic monomers, such as those described in 
the French patent application FR-A-2 734 827. 

The substrates may obviously also be obtained by polymerization 
of mixtures of the monomers listed above. 
20 It is possible to apply other coatings onto the photochromic film 

such as anti-abrasion coatings and anti-reflection coatings. 

The hard anti-abrasion coatings may be any anti-abrasion coatings 
known in the ophthalmic optics field. 

Among the hard anti-abrasion coatings suitable in the present 
25 invention are coatings obtained from compositions based on silane 
hydrolysate, in particular the hydrolysate of epoxy silane, as described in 
the French patent application N° 93 026 49 and the US- patent 
US-A-4 211823. 

As stated above, the ophthalmic lens according to the invention 
30 may additionally contain an anti-reflection coating deposited on the anti- 
abrasion coating. 

As an example, the anti-reflection coating may be composed of a 
mono- or multilayer film, of dielectric materials such as SiO, Si0 2 , Si^, 
Ti0 2 , Zr0 2 , AI2O3, MgF 2 or Ta 2 O s or their mixtures. 
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It is thus possible to prevent the appearance of a reflection at the 
lens-air interface. 

This anti-reflection coating is generally applied by vacuum deposit 
according to one of the following techniques : 
5 - by evaporation, optionally assisted by ion beam ; 

- by ion-beam spraying ; 

- by cathodic spraying ; 

- by chemical deposit in the vapour phase assisted by plasma. 

In addition to vacuum deposit, it is also possible to deposit an 
10 inorganic layer by die sol/gel route (for example from tetraethoxysilane 
hydrolysate). 

In the case where the film consists of a single layer, its optical 
thickness must be equal to A/4 (X is a wavelength between 450 and 
650 nm). 

15 In the case of a multilayer film comprising three layers, a 

combination may be used corresponding to the respective optical 
thicknesses A/4, A/2, A/4 or A/4, A/4, A/4. 

It is also possible to use an equivalent .film formed by more layers, 
in the place of any number of the layers which are part of the above three 

20 layers. 

The preferred materials for the substrates are materials based on 
polymers and copolymers of the thermoplastic polycarbonate type and in 
particular of homopolymers and copolymers of poly(allyl carbonate). 

The photochromic filtng obtained by drying the latexes according to 
25 die invention have a glass transition temperature Tg <> 30°C, preferably Tg 
<> 0°C, generally close to -55°C. 

EXAMPLES 
The following examples illustrate the invention. 
Except where otherwise stated, all percentages in the examples are 
30 expressed by weight 

The diol used was a polycaprolactoUe diol (PCLD) obtained from 
BAYER, of average number molecular weight 2 000, which was dried and 
degassed at 80°C under a reduced pressure of 0.1 mm Hg for 5 hours. The 
diisocyanate used was an isophorone diisocyanate (IPDI) from HULS 
35 CHEMICAL. The triethylamine used during the neutralization step was a 
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triethylamine obtained from ALDRICH and treated over a 3 A molecular 
sieve for 3 days. The internal emulsifying agent was an a,a-dimethylol 
propionic acid (DMPA) obtained from ALDRICH, which was dried at 80°C 
for 2 hours. The solvent used was N-methyl 2-pynx)lidone (NMP) from 
5 ALDRICH and the chain extension agent bis(ethylamino)amine from 
ALDRICH, The solvent and the chain extension agent were used without 
further purification: 

The latexes of the examples of TABLE 1 below were 
prepared in the following way : 

10 Into a dry thermo stated 2S0 ml reactor with four inlets, 

equipped with a mechanical stirrer, a thermometer and a cooler, the diol 
(polycaprolactone diol or PCLD) and the internal emulsifying agent 
(DMPA) were introduced at 90°C with stirring at an average speed of 
250 rpm for 30 minutes. The reaction mixture of the diisocyanate (IPDI) 

15 was then added and allowed to react for about 3 hours at 90°C to obtain a 
PU prepolymer. During the reaction, the viscosity of the reaction mixture 
increased and N-methylpyrrolidone was added in several steps, so as to 
reduce this viscosity and thus ensure good dispersion of the mixture. The 
reaction mixture was then cooled to 60°C. Triethylamine dissolved in N- 

20 methylpyirolidone was then added and mixed oyer 1 hoiir so as to 
neutralize the carboxy lie acid functions of the internal emulsifying agent 
DMPA. A photochromic agent in the form of a solution in N- 
methylpyrrolidone was then added, with stirring, to the reaction medium 
containing the PU prepolymer. The stirring was continued for 10 minutes. 

25 The emulsification was then performed by addition of distilled water to the 
mixture at 60°C with vigorous stirring (1 000 rpm), the speed of 
introduction of the water being controlled with a syringe. Once the 
dispersion had been achieved, the chain extension agent (DETA) dissolved 
in N-methylpyrrolidone and water was added with a syringe and the chain 

30 extension reaction was performed for 2 hours at 60°C. 

The resulting product was an ianionomeric^ dispersion (latex) of 
photochromic polyurethane. The proportions of the different reagents and 
the nature of the photochromic agents are given in Table 1 below. 

The solids concentrations of the dispersions were also determined 

35 by gravimetry by drying the dispersions at 80°C for 12 hours. 
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The pH, viscosity and particle sizes of the different latexes were 
also determined The viscosity of the latexes has been measured. The 
viscosity was close to 15 cp - at 24°C, measured by a Brookfield 
viscosimeter. 

5 The particle sizes of the latexes were determined by light diffusion 

on a MALVERN ZETASIZER 4 apparatus. 
They were close to 200 na 
The results are given in Table II below. 

10 T A B L E 1 



fit 
N° 


PCLD 


DMPA 


IPDI 


TEA 


DBTA 


Photochrome 
compound I 


Photochrome 
compound II 




(g) 


<g) 


(%) 


(g) 


(ml) 


(ml) 


(g) 


(%) 


(g) 


(%) 


1 


14.7384 


0.6995 


3.6 


3.7577 


0.725 


0.220 


0.8 


4 






2 


14.7462 


0.7010 


3.6 


3.7577 


0.725 


0.220 






0.8 


4 


3 


14.0241 


0.9010 


.4.7 


4.0969 


0.935 


0.240 


0.79 


4 






4 


15.1008 


0.5812 


• ■ 3 -. 


3.604 


0.7 


0.210 


0.6 


3 






5 


15.1013 


0.S820 


3 


3.604 


0.7 


0.210 






0.6 


3 


6 


14.739 


0.7012 


3.6 


3.7524 


0.725 


0.220 


0.39 


2 






7 


14.7376 


0.7000 


3.6 


3.7524 


0.725 


0.220 






0.39 


2 


8 


29.4914 


1.3984 


3.6 


7.5154 


1.455 


0.425 


1.6 


4 






9 


29.4759 


1.3982 


3.6 


7.5154 


1.455 


0.425 






1.6 


4 


10 


29.4682 


1.3965 


3.6 


7.5154 


1.455 


0.425 


3.9 


10 






11 


29.4590 


1.3955 


3.6 


7.5154 


1.455 


0.425 






3.9 


10 



Photochromic compound I : 



15 



(Chromene) 
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Photochrome compound II : 




(Spirooxazine) 



10 



These photochromic compounds were introduced during the 
preparation of die latex, in die form of a solution in the same solvent as that 
of the prepolymer, in concentrations of about 1 g/mL 

TABLE n 



Example 

m 


Particle size 

H 


Dry extract 

TO 


pH 


Viscosity at 24°C 
(mPa.s) 


l 


135 


35 


8.2 




2 


160 


32 


8.3 




3 


79 


31 


8.1 




4 


275 


31 


8.6 




5 


169 


30 


8.4 




6 


126 


32 






7 


109 


31 






8 


132 


32 




12.5 


9 


158 


31 




17.3 


10 


170 


32 




: ! 13.7 


11 


205 


31 




19.2 



15 

Photochromic films based on the dispersions of table I were 
formed on Stigmal inorganic lenses and ESSILOR ORMA® organic lenses. 
The conditions for producing the films were as follows : 
- by centrifugation (spin-coating) ; 600 rpm for 8 seconds, then 
20 1 000 rpm for 7 seconds 
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- then drying at 80°C for 1 hour. 

The films obtained had a thickness of 5 nm. 
The glass transition temperatures Tg of the photobhromic films 
obtained were measured by scanning differential calorimetry (DFC). The 
5 glass transition temperatures measured were close to -55°C. i ' 

Swelling tests were also carried out on the films with different 
solvents (acetone and ethanol). 

The films were formed by drying on a polytetrafluorbethylene 
plate, which was then immersed in the solvent The swelling was studied 
10 by gravimetry.. 

The swelling tests in ethanol of the films obtained from the 
dispersions of examples 1 and 2 gave a mass swelling of the order of 1 .8 for 
an insolubility level of 0.9 after one day. 

The spectrokinetic properties of the latexes of examples 8 to 11 
15 were also determined. 

The spectrokinetic properties of these latexes were measured on 
photochromic varnishes under the following conditions : 
. - temperature : 20°C (air control). 

- visible lighting : 50 KLux 
20 - UV lighting: 10 W/m 2 

- 10 minutes coloration by above radiation/decoloration time, after 
stopping UV irradiation : 20 to 30 minutes according to the spirooxazine or 
naphthopyran photochromic family respectively. 

The results obtained are given in figures 1 (example 8), figure 2 
25 (example 10), figure 3 (example 9), and figure 4 (example 1 1) representing 
the relative spectral transmission as a function of time measured at 486 nm 
for the examples corresponding to figures 1 and 2 and at 6 IS nm for the 
examples of figures 3 and 4, which correspond to the maximum absorption 
wavelengths respectively of the photochromic compound I (chromene) and 
30 photochromic compound II (spirooxazine). 
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Comparative CTwnpk 

A latex was prepared from the formulation : 



PCLD 


29.8392 g 


DMPA 


1.3920 g 


IPDI 


7.515 g 


TEA 


1.5 ml 


H 2 0 


62 ml 


DBTA 


1ml 


NMP 


20 ml 


Photochromic 




compound (IT) 


1.6031 g 



The latex was prepared using a method identical to that described 
15 above except that the photochromic compound (II) was introduced into the 
initial mixture of PCLD, DMPA, and IPDI before the prepolymerization 
reaction. 

. The latex-based films were then deposited on the ojphthalmic lenses 
under the same conditions as above (spin-coating and drying at 80°C for 
20 1 hour). 

The coated lenses diffused the light (opaque lenses). 
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CLAIMS 

1. Method for preparing a photochrome polyurethane latex, 
characterized in that it comprises : 

5 a) forming a hydrophilic polyurethane prepolymer with isocyanate 

end groups, by the polyaddition reaction of at least one polyol and at least 
one polyisocyanate in the presence of at least one internal emulsifying 
. agent; \J 

b) mixing the polyurethane prepolymer obtained in step (a) with a 
10 photochromic agent ; 

c) adding water or a mixture of water and solvent, under agitation, 
to the mixture of the polyurethane prepolymer and the photochromic agent, 
to form an emulsion ; and 

d) adding at least one chain extension agent to the emulsion and 
15 performing a chain extension reaction to give the final photochromic 

polyurethane latex. 

2. Method according to claim 1 , characterized in that the internal 
emulsifying agent is an ionic emulsifying agent 

20 

3. Method according to claim 2, characterized in that the ionic 
internal emulsifying agent is an anionic internal emulsifying agent. 

4. Method according to claim 3, characterized in that the internal 
25 emulsifying agent is selected from the diamine and diol sulfonates and the 

dihydroxycarboxylic acids. 

5. Method according to claim 4, characterized in that the internal 
emulsifying agent is a,a-dimethylolpropionic acid. 

30 1 .i ;j 

6. Method according to any one of claims 2 to 5, characterized in 
that it comprises, before the step (b) of mixing the photochromic agent, a 
step of neutralization of the polyurethane prepolymer obtained in step (a). 
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7. Method according to claim 6, characterized in that the 
neutralization step comprises the addition of a tertiary amine. 

8. Method according to any one of the preceding claims, 
5 characterized in that the polypi is selected from the polyols of low 

molecular weight, the polyester polyols, the polyether polyols, the polyols 
containing amide, groups, the polyaciylic polyols, the epoxypolyols, the 
polyvinyl polyols, the urethane polyols, and their mixtures. 

10 9. Method according to claim 8, characterized in that the polyol is 

selected from the polycaprolactone diols. 

10. Method according to any one of the preceding claims, 
characterized in that the polyisocyanate is a diisocyanate. 

15 

11. Method according to claim 10, characterized in that the 
diisocyanate is selected from toluene-2,4-diisocyanate, toluene-2,6- 
diisbcyanate, diphenylmethane^^'-diisocyanate, .&phenylmethane-2,4'- 
diisocyanate, paraphenylene diisocyanate, biphenyldiisocyanate, 3,3 f - 

20 dimethyl-4,4'-diphenylene diisocyanate, tetramethylene-l,4-diisocyanate, 
hexamethylene-l,6-diisocyanate, 2,2,4-trimethyl hexane-l,6-diisocyanate, 
lysine methyl ester diisocyanate, bis(isocyanatoethyl)fumarate, isophorone 
diisocyanate, ethylene diisocyanate, dodecane- 1 , 1 2-diisocyanate, 
cyclobutane-l,3-diisocyanate, cyclohexane- 1,3 -diisocyanate, cyclohexane- 

25 1,4-diisocyanate, methylcyclohexyl diisocyanate, hexahydrqtoluene-2,4- 
diisocyanate, hexahydrotoluene-2,6-diisocyanate, hexahydrophenylene-1,3- 
diisocyanate, hexahydrophenylene- 1,4-diisocyanate, perhydrodiphenyl- 
methane-2,4-diisocyanate, perhydrophenylmethane^^'-diisocyanate, and 
dieir mixtures, 

30 

12. Method according to claim 11^ characterized in that the 
diisocyanate is isophorone diisocyanate. 

13. Method according to any one of the preceding claims, 
35 characterized in that the relative quantities of polyol and diisocyanate 
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component in step (a) are such that the molar ratio OH groups/NCO groups 
is 1/2. 

14. Method according to any one of the preceding claims, 
5 characterized in that die quantity of internal emulsifying agent present in 

step (a) is from 3 to 5 % by weight with respect to the total weight of 
polyol, polyisocyanate and internal emulsifying agent 

15. Method according to any one of the preceding claims, 
10 characterized in that the photochromic agent is selected from chromene and 

compounds thereof, oxazine compounds, the fiilgides, the fulgimides, and 
metallic salts of dithizonate. 

16. Method according to any one of the preceding claims, 
15 characterized in that the quantity of the photochromic agent added 

represents 0.1 to 15 %, and preferably 2 to 10 % by weight with respect to 
the total weight of polyol, polyisocyanate, internal emulsifying agent and 
photochromic agent used. 

20 17. Method according to any one of the preceding claims, 

characterized in that the photochromic agent is added in the form of a 
solution in a solvent 

18. Method according to claim 17, characterized in that the solvent 
25 is N-methylpyrrolidone. 

19. Method according to any one of the preceding claims, 
characterized in that it comprises the addition of a solvent during step (a). 

30 20. Method according to claim 19, characterized in that the solvent 

is N-methylpyrrolidone. 

21. Method according to any one of the preceding claims, 
characterized in that the chain extension agent is selected from the aliphatic 
35 and cycloaliphatic diamines, triamines and tetramines and their mixtures. 
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22. Method according to claim 21, characterized in that the chain 
extension agent is selected from ethylenediamine, diethylenetriamine and 
tris(2^aminoethyl)amine. 

5 23. Method according to any one of the preceding claims, 

characterized in that the molar ratio prepolymer/chain extension agent is 
between 0.2 and 2. 

24. Method according to any one of the preceding claims, 
10 characterized in that the final polyurethane latex has a concentration in 

solids of at least 30 % by weight, preferably 30 to 35 % by weight 

25. Method according to any one of the preceding claims, 
characterized in that the final polyurethane latex has a particle size of from 

15 50 to 300 nm, preferably 150 to 250 nm. 

26. Ophthalmic article comprising an organic or inorganic glass 
substrate with a surface coated with' a film of photochromic material, 
characterized in that the film of photochromic material results from 

20 depositing and drying a photochromic polyurethane latex obtained 
according to any one of claims 1 to 25. 

27. Article according to claim 26, characterized in that the film of 
photochromic material has a glass transition temperature £ 0°C, preferably 

25 lower than -55°C. 

28. Article according to one of claims 26 or 27, characterized in 
that the article is an ophthalmic lens. 
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